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ABSTRACT 
ERTS 1 imagery is a useful tool in the identifi- 
cation and refinement of Soil Association areas 
and an excellent base map upon which soil associa- 
tion information can be published. Prints of 
bands 5 and 7 were found to be most useful to 
help delineate major soil and vegetation areas. 
For example band 7 was found to give superior 
definition to steeply sloping soils while band 5 
gave the best contrast between trees and grass. 
After delineating major soil areas,.over 4800 
land sale prices covering a period of 1967-72 
were located in the soil areas and averaged. A 
legend explaining land use, dominant slope and 
soil parent materials of each delineated area 
was developed. The soil associations then were 
described as Soil Association Value Areas and 
published on a 1:1,000,000 scale ERTS mosaic 
of South Dakota constructed using negative 
prints of band 7. 
the kind of agriculture and soils and allows 
readers to see how soils actually are being 
used on a near orthographic current map. 
Furthermore, it gives information about 
what buyers think the soils are worth. The 
map is intended for use by state and county 
revenue officers to equalize land values in 
South Dakota, by individual buyers and sellers 
of land and lending institutions as a reference 
source, as a reference map by those planning 
road routes and cable lines and pipelines, by 
conservationists in helping to keep current 
conservation needs inventories, by agronomists 
needing current information on distribution and 
patterns of crop growth and by crop yield fore- 
casters to guide sampling strategy. 
- 1/ 
The resulting map describes 
SDSU-RSI-J-73-11 Supported in part by 
contract No. NAS-5-21774 
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INTRODUCTION 
Soil maps are an integral part of an effective agricultural 
research and advisory program. Soil maps are used for farm 
and ranch planning, for crop and grass yield estimates, for 
evaluating land, for land use planning, for irrigation plan- 
ning, for drainage planning, for assessing potentialities for 
special crops, for rural zoning, and for forest management. 
Soil maps are of different scales ranging usually from 
1:15,840 to 1:7,000,000. The large scale maps necessary 
for detailed land planning show the extent of individual 
soils, and are made by boring holes and walking over the 
land so that delineations are observed over their entire 
extent. 
publish. 
Small scale soil maps, called soil association maps, are 
geographic associations of one or several soils and usually 
are at scales of 1:500,000 to 1:1,000,000. Simonson (1971) 
states that each soil association consists of a set of 
geographic bodies that are segments of the soil mantle cover- 
ing the land surface. 
These soil survey maps are expensive to make and 
Soil Associations are soil landscapes that occur in repeating 
patterns. They may contain like or unlike soils but the 
association itself is homogeneous and different from other 
soil associations when viewed on the imagery. 
Field checking of soil association maps is done at infre- 
quent intervals depending upon the scale and use of the map. 
Although soil association maps of small scale are not as 
precise for interpretations as detailed soil maps of large 
scale, they cost much less to make and they do have use for 
broad planning purposes and for education. 
It should be emphasized that the soils shown on soil maps 
are not defined in terms of profiles alone. According to 
the soil survey staff of the USDA (1951), each soil unit 
is a particular kind of landscape and it is these landscapes 
of soils that are classified and shown on soil association 
maps. Although soil profiles cannot be seen on air or 
satellite imagery, soil landscapes are visible. In this 
regard it should be stated that soil survey experience is 
necessary if maximum use is to be made of ERTS-1 MSS imagery 
for identifying soil associations. 
Soil landscapes exhibit a characteristic surface geometry 
such as relative frequency of streams, and a characteristic 
surface composition such as the percentage of bare soil areas. 
Other features used in differentiating soil landscapes include 
vegetation and hydrology. 
Five factors control the formation and distribution of soils 
and soil associations. These are: climate, organisms 
(dominantly native vegetation), soil parent material, 
topography and time. With the exception of time these factors 
define the environment of soil formation. Time gives the 
total potential for change, and is not considered in this 
study as a separate factor resulting in recognizable boundaries. 
Climate and native vegetation are closely related and usually 
are considered together since both are dynamic factors acting 
upon soil parent materials on different topographic sites. 
Aerial photographs have been widely used to differentiate 
soil association landscapes for 40 years. The bulk of these 
photographs have been black and white panchromatic prints 
although color infrared materials have had some use. The 
aircraft has been the primary platform for obtaining these 
images. Now, since the summer of 1972, ERTS-1 MSS satellite 
imagery available in 4 spectral bands and at 18-day intervals 
brings a new tool to the study of so i l  association landscapes. 
The objective of this study was the recognition of Soil 
Association boundaries on ERTS-1 images and mosaics and the 
publication of a soil association map on an ERTS-1 mosaic 
of South Dakota. 
PROCEDURE 
The ERTS-1 multispectral scanner records the electromagnetic 
energy that comes from features on the earth's surface. The 
radiation is in four bands as follows: band 4 - 0.5-0.6 um; 
band 5 - 0.6-0.7 um: band 6 - 0.7-0.8 um; and band 7 - 0.8- 
1.1 um. 
other feature depends on its molecular composition. Conse- 
quently the various earth's feafil-s exhibit unique tonal 
signatures on the different banh,. Tonal signatures can 
result from multiband viewing or from monochromatic prints 
derived from one spectral band and shown in gray tones. 
The ERTS-1 imagery used for this study consisted of 9-inch 
transparencies at a scale of 1:1,000,000. From these trans- 
parencies two kinds of images were prepared for study: 1) 
color transparency composites at 1:1,000,000 scale made from 
bands 4 ,  5, and 7. These were viewed over a light table under 
magnification; 2) negative prints of scale 1:500,000, 1:250,000, 
1:100,000 and 1:60,000. 
In this study an effort was made to study ERTS-1 imagery using 
equipment usually available to a s o i l  survey office. 
consists mainly of access to a darkroom with a good enlarger 
having a non-diffuse light source. A diffuse light enlarger 
tends to blend and smooth out boundaries on the images which 
is not desired. 
The spectral energy coming from a soil or crop or 
This 
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CHARACTER OF SOIL BOUNDARIES DUE TO CLIMATE AND VEGETATION 
AND THEIR RECOGNITION 
Soil profiles cannot be seen on either air or satellite imagery 
and for a large part of the growing season each year even the 
surface soil of South Dakota is covered with vegetation. Thus, 
recognition of soil association boundaries must be inferred in 
part from the patterns made by the present vegetation since 
this is the principal way that climate and native vegetation 
are expressed. 
Soil Association boundaries separate kinds of agriculture. 
example, corn and soybeans are grown in South Dakota in the 
eastern and southeastern part where the soils have developed 
under a warm-moist climate and tall grass vegetation. 
northwest, spring wheat takes over as the main crop. Spring 
wheat is at its peak of green growth in June at which time 
corn is just beginning to mantle the soil. Thus, band 7 
of May ERTS passes will show high reflectance where spring 
wheat is the dominant crop. On August imagery the corn and 
soybean-growing soil associations will reflect strongly while 
the soil associations used for spring wheat will have low re- 
flectance. Thus, both the temporal and multispectral char- 
acteristics of ERTS imagery are utilized in recognizing 
boundaries of soil associations. Other characteristics used 
include field size (larger in wheat area) and percentage of 
the soils in pasture or range grass (larger in wheat area). 
Some role in soil formation is played by both precipitation 
and temperature. Precipitation affects the amount of water 
that enters the soil and hence the chemical and physical 
weathering processes, eluviation and ion movement. Moisture 
relationships also affect the amount of residues that are 
returned to the soil and the speed of their decomposition. 
Temperature controls the heat available for the physical, 
chemical and biological processes of soil formation. 
Weathering generally increases with an increase in temperature 
if moisture is not limiting. Also, higher temperatures 
generally increase the rate of organic matter decay. 
The general characteristics of soils can be related to climate. 
Although there are many interrelationships, the most signifi- 
cant ones generally relate to a single soil property such as 
organic matter content and a single climatic component like 
precipitation. The climate in South Dakota is subhumid in the 
eastern part and semiarid in the central and western parts. 
Tall grass prairie was the principal vegetation in the subhumid 
east while mid and short grasses were the native vegetation 
types in the semiarid central and western parts. 
The principal biotic factor in soil formation is vegetation 
since it is the major source of organic matter. The effect 
For 
Moving 
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of vegetation on soil properties differs with the kind of 
vegetation. Grasses contribute large amounts of organic 
matter that darken the upper layers of soil. The intensity 
of the development of these upper horizons correlates well 
with the climate resulting in darker and thicker dark colored 
horizons in eastern South Dakota and gradually thinning and 
becoming lighter colored in moving to the northwest corner. 
Since climate is a continuum the soil thickness and darkness 
also are a continuum. 
topography are constant factors the soil boundaries related 
to climate and native vegetation are gradual. Thus, the 
problem of delineating soil boundaries which are due to 
climate has been difficult by conventional means since no 
one aerial photograph or county mosaic covered sufficient 
area to see evidence of soil differences that could be attrib- 
uted to climate and vegetation. 
As long as soil parent material and 
ERTS scenes aover larger areas, however, and this synoptic 
view provides an opportunity to observe soil associations and 
their use over an area of climatic change. As mentioned, 
however, climatic change is gradual and as long as soil 
parent material and topography remain constant, the soil 
association boundaries that result from climatic change are 
gradual. Fortunately, however, there often is a topographic 
or soil parent material change which provides a distinct 
boundary and the climatic continuum can be partitioned in 
this manner. Figures 1 and 2 illustrate this point. Figure 
1 is of western Minnesota along latitude 44O15.  The climate 
gradually is becoming drier from east to west. This is seen 
in the gradual darkening of the tone of the MSS-7 negative 
print. This tone darkening is due to an increased percentage 
of spring grain which is near its peak of green growth on 17 
June. The more humid eastern area is planted to corn and 
soybeans neither one of which has produced much vegetation by 
this date. 
the scene at roughly right angles to the climatic change. 
These soil parent material boundaries then serve also to 
partition the climatic continuum. Figure two is from east- 
central South Dakota. Here, also, the climate gradually is 
becoming drier from east to west and this is seen on the 
MSS-7 negative print as a gradual darkening of the tone of 
the image due to a change in crops grown from more corn to 
less corn. This ERTS scene is of 16 May when corn is in the 
process of being planted and thus the corn land reflects very 
light gray on the negative print of MSS-7 while the wheat, which 
is present in larger proportion on the west, has a dark tone. 
The light tones signifying corn land are present in larger 
proportion on the east part of the figure. Crossing at nearly 
right angles to this climatic change is a soil parent material 
change which then also serves as a boundary for a climate 
change. 
Three soil parent material boundaries occur on 
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RECOGNITION OF SOIL ASSOCIATION BOUNDARIES CAUSED BY SOIL 
PARENT MATERIALS 
188 
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Soil parent materials may be classified into one of three 
groups: residual, transported and organic. Since organic 
materials are not present in soil associations in South 
Dakota they are not discussed further here. 
Residual soil parent materials include hard igneous and 
metamorphic rocks, as well as hard and soft sedimentary rocks. 
The hard rocks weather very slowly to produce thin soils. 
South Dakota these occur in the Black Hills and are further 
distinguished by rugged mountainous relief. These axeas of 
different rocks have sharp boundaries visible on MSS-5 and 7 
of ERTS (see figure 3 ) .  They have greatest reflectance dif- 
ferences with surrounding areas on band 5 than the other bands. 
Softer sedimentary rocks include sandstones, limestones and 
shales. These along with alluvium and loess characterize the 
west half of South Dakota. 
In 
Soil Association boundaries caused by a change in the soft 
sedimentary rocks are sharp in South Dakota, and visible on 
ERTS images in any season and on bands 5, 6, and 7 or on 
color composites. Several kinds of soft sedimentary rock 
soil parent material are shown of figures 4 and 5. The 
Sand Hills consist of unconsolidated deep coarse sands on 
undulating or hummocky relief used for range grasses. The 
Pine Ridge is from a partially cemented calcareous sandstone 
and the soils here are generally shallow sandy loams on steep, 
north-facing slopes. This environment is suited for range 
grasses and Ponderosa Pine. The pine grows generally on the 
steepest valley sides and its reflectance is much lower on 
band 5 than is the grass. Thus on this band there is a unique 
veining pattern following the location of the Ponderosa Pine. 
The siltstone in this area is high in calcium carbonate and 
light tan to white in color. The soils that develop from 
them are thin, especially on the slope breaks and knobs 
and the whitish parent material gives a high reflectance on 
band 5 of ERTS. The siltstone area erodes to barren badlands 
where a slope differential or wall occurs but otherwise is 
used mainly for growing range grasses and occasionally a 
field of winter wheat. The appearance of the siltstone area 
on ERTS imagery then is one of uneven tone caused by the 
association of moderately deep and shallow soils and the 
boundaries separating the area from the adjacent soil 
asociations is sharp. 
The shale in this area is a rather dense, very fine-textured 
marine deposit and the relief on which it Occurs is rolling. 
The fine textures and strong relief result in high runoff SO 
the production of grass (which is the main use) is low. Thus 
the IR reflectance generally of these areas is low. The high 
runoff from these clay materials is carried from the uplands 
mainly by a fine network of closely spaced streams. This 
stream network and the low IR reflectance are two features 
identifying the shale soil parent materials. The boundary 
separating shale from associated soil parent materials in 
this area usually is sharp and is visible on the ERTS images, 
especially on band 7. Figure 5 shows the delineation of soil 
association boundaries between a dense shale and a sandstone. 
Transported soil parent materials usually are named to show 
the principal agency responsible for transportation and 
deposition. A connnon feature of transported soil parent 
materials is that they occur in an unconsolidated state, thus 
they give rise to deeper soils generally than do residual 
materials. 
The transported soil parent materials can be subdivided into 
deposits from running water, glacial deposits, and wind-laid 
sediments. Running water deposits include alluvium and 
terrace materials. For major rivers, boundaries of both 
deposits can be distinguished on ERTS images. Alluvial 
deposits are identified by stream proximity, linear shape 
and usually by having a network of drains. In addition, 
the valley floor and bluff usually have a sharp boundary 
caused by reflective differences of the valley floor vegeta- 
tion and the sparser vegetation of the steep valley sides. 
Figure 6 shows the delineation of the Big Sioux River bottom- 
land and a terrace near Brookings. 
Terrace soil parent materials also occur near streams, but 
back from the alluvial plain. They also usually have linear 
shapes but lack a network of drains since they are above the 
level of flooding. Since they occur on flat topography and 
the materials are friable, the soils usually are among the 
most productive for their area of occurrence and are under 
cultivation. Thus a field pattern of cropland with few, if 
any, areas of grass or trees further characterizes terraces 
in South Dakota. Since these soils are the most productive 
in their area, the total biomass produced is larger than 
surrounding areas and terraces have higher reflectance on 
band 7 than adjacent areas. 
Glacial soil parent materials in South Dakota include till and 
outwash. 
undulating ground moraines and steep end moraines. Glacial 
outwash, which is coarse textured, is carried by water beyond 
the ice front onto a plain. 
on undulating or nearly level slopes and outwash plains gener- 
ally are under cultivation and so have a pattern of field 
boundaries. Steeply sloping or hilly glacial soil parent 
materials generally are in grass or trees, thus land use is 
useful in the separation,of these two kinds of glacial till 
Till is generally medium textured and is deposited in 
Glacial till soil parent materials 
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soil parent material. Figure 7 illustrates the distinct 
boundaries on MSS-7 imagery that separate a dead ice moraine, 
an end moraine, and ground moraine in north central South 
Dakota. Each of these is a Soil association area. 
In general, boundaries separating glacial soil parent materials 
can be distinguished from residual soil parent materials on 
ERTS. The residual soil parent materials are on an erosional 
landscape consisting of broad ridge tops, valley sides and 
well defined stream courses. The glacial landscape is one 
where the land forms have been constructed by glaciers. It 
consists of broad plains interrupted by hilly ridges. The 
stream drainage pattern is less well defined and often the glacial 
plain is dotted with morainic depressions, marshes and lakes. See 
figure 8 .  
Boundaries separating mature glacial plains can further be dis- 
tinguished from immature glacial plains in that the former has 
a well developed network of streams and the latter is characterized 
by poorly drained areas and no stream surface drainage network. 
See figure 7 .  Band 7 is superior for boundary detection in glacial 
areas since all water bodies are clearly shown. 
The wind-deposited soil parent materials in South Dakota include 
loess which is silt size, and eolian sand. Loess deposits 
are superior soil parent materials since they are friable and 
permeable. Thus they are cultivated for the most part even in 
semiarid climates. Figure 9 is an ERTS image from southeast 
South Dakota. Here a thick loess occurs on a rolling upland 
which dictates use of a high percentage of close-growing crops 
like small grain to help control water erosion. On June imagery 
these crops are near their peak of green growth and thus reflect 
strongly on MSS-7. The flat areas are used for corn and soybeans 
primarily and these crops have not grown sufficiently by mid 
June to give much reflectance on MSS-7. Therefore, these areas 
have light tones on the negative prints of figure 9 .  
Field patterns often indicate loess soil parent materials in 
western South Dakota. See figure 4 .  The boundaries separating 
loess from eolian sand and residual sandstone are sharp as is 
shown in the figure. Eolian sand soil parent materials also 
have sharp boundaries with loess and sandstone. The identifi- 
cation keys for eolian sand soil parent materials are that the 
areas are in grass (because of the severe wind erosion hazard), 
they lack any surface streams and their general configuration 
is one of hummocks and ridges interspersed with small flats, 
dips and depressions. The boundaries delineating eolian sand 
so i l  parent material are distinct on ERTS images. 
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COGNITION OF SOIL A SSOCIAT ION BOUNDARIES CAUSED BY TOPOGRAPHY 
pography affects s o i l  rormation mostly by modifying the 
imate. Precipitation effectiveness is influenced by runoff 
ich is controlled by topography. Likewise the slope aspect 
d degree of slope affect the amount of solar radiation 
ceived which in turn affects soil temperature and evaporation. 
us the climatic environment induced by topography affects the 
getation and the boundaries delineating this climatic effect 
n be observed on ERTS images. This is shown on figure 10 where 
e steep slope of the Prairie Coteau appears as a wide, dark 
ea on MSS-7 while it is not apparent on MSS-5. The evidence 
steep s 
-_-e close iver valley as is shown in 
figure 11. 
Differences in s o i l  moisture regimes influenced by topography 
are significant. 
ceive runoff and have poorly drained soils high in organic 
matter. 
separated on soil association maps, their presence or absence 
is a characteristic of the soil association, and hence being 
able to see their boundaries on ERTS is significant. 
Upland and lowland is a broad topographic classification of 
soil associations. Lowlands include alluvium and terrace 
soils which usually have well defined boundaries visible on 
ERTS. 
an also be inferred from 
arent on both bands 5 and 7. 
In the sandhills the low lying basins re- 
Although small basins usually are not individually 
1s on unl ng topograph ,.- . Upland soi dulati iy generally are des- cribed as mature since tney rerlect the normal expression 
of the climate of the area. 
generally erodes as fast as new soil develops. 
soils produce less vegetation than the associated normal 
soils for two reasons.-- they are thinner and less well 
supplied with nutrients and they receive less effective 
moisture for plant growth. 
useful to distinguish the boundaries of these thin, steeply 
sloping soils. This is shown on figures 10 and 11. 
On steep slopes thin profiles 
These thin 
Thus the MSS-7 is the most 
THE RELATIONSHIPS AMONG THE SOIL FORMING FACTORS 
Variation in any of the factors of soil formation can change 
the soil association. Often the factors interact and the effect 
is additive or one may nullify another. 
In figures 1 and 2 a climatic change is apparent from east to 
west as corn acreage decreases and spring wheat acreage in- 
creases. 
topographic or soil parent material boundaries occur. Thus a 
topographic or a soil parent material boundary also serves to 
divide the climatic continuum. 
The climatic boundary is gradual but distinct 
Soil parent material and 
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topography usually change abruptly and these changes produce 
boundaries visible on ERTS. Because of the reflective contrasts 
produced on MSS-7 by vegetative differences, the seasonal green- 
ing of vegetation coupled with crop calendar information pro- 
vides a good tool to distinguish Soil Association boundaries. 
This temporal advantage coupled with the multispectral advantages 
make ERTS a valuable tool in distinguishing Soil Associations. 
USE OF AN ERTS-1 MOSAIC OF SOUTH DAKOTA AS A BASE FOR 
PUBLISHING A SOIL ASSOCIATION VALUE MAP 
Soil Association maps for large areas at scales of l:l,OUO,OOO 
and 1:500,000 usually are published as line maps or in color. 
The cost of publishing these maps on conventional aerial 
photographs would be excessive. 1/ A mosaic constructed from 
ERTS costs relatively little, however, since only 20 ERTS 
scenes are needed to cover the entire state of South Dakota. 
Moreover, the image approximates an orthographic view resulting 
in little distortion. Another advantage of ERTS is that a near 
real-time view of the scene is afforded and so the current use 
of the soil associations can be observed and studied. The map 
also can be updated each year with current ERTS imagery. 
A Soil Association Value Map of South Dakota on an ERTS-1 
mosaic has been published as SDSU-RSI-73-17 and is 
available from the Remote Sensing Institute, South Dakota 
State University, Brookings 57006. This map was constructed 
as follows. After delineating the major Soil Associations 
with the aid of ERTS imagery, over 4800 land sale prices 
covering a period of 1967-72 were located in the soil areas 
and averaged. A legend explaining land use, dominant slope 
and soil parent materials of each delineated area was developed. 
The soil associations then were described as Soil Association 
Value Areas on a 1:1,000,000 scale ERTS mosaic of South Dakota 
constructed using negative prints of band 7. 2/ Negative prints 
were used because they are a generation closer to the ERTS 
imagery than positive prints. MSS-7 w a s  used because of its 
usefulness in detecting growing vegetation, its good contrast, 
its ability to delineate water and its ability to penetrate 
haze, The resulting map describes the kind of agriculture and 
soils and allows readers to see how soils actually are being 
used on a current map having very little distortion. Further- 
more, it gives information about what buyers think the soils 
are worth. The map is intended for use by state and county 
1/ 
- 2/ 
It is estimated that it would take about 30,000 conventional 
aerial photographs to cover South Dakota. 
Appreciation is expressed to Jack Smith, Photographic Tech- 
nician, RSI, SDSU, Brookings, for preparing the,ERTS mosaic 
of South Dakota. 
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revenue officers to equalize land values in a v U L l A  dakota, by 
individual buyers and sellers of land and lending institutions 
as a reference source, as a reference map by those planning 
road routes and cable lines and pipelines, by conservationists 
in helping to keep current conservation needs inventories, by 
agronomists needing current information on distribution and 
patterns of crop growth and by crop yield forecasters to guide 
sampling strategy. 
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Figure 1 
, 
Use of ERTS-1 t o  d e t e c t  S o i l  Associat ion boundaries due t o  
climatic d i f f e rences  
Negative p r i n t s  , Scale  1: 500,000, Western Minnesota 17 June '73  
Along 44O l a t i t u d e  p r e c i p i t a t i o n  decreases  i n  western Minnesota 
as t h e  South Dakota s ta te  l i n e  is  approached, and t h i s  f a c t  
i s  recognized by farmers who inc rease  t h e  propor t ion  o f  small 
g ra in  ( a  crop r e q u i r i n g  less moisture)  r e l a t i v e  t o  corn and 
soybeans. 
t h e  l i g h t e r  tones  are on t h e  more humid e a s t ,  where most of 
t h e  land has  been p lan ted  t o  corm or soybeans about a month 
e a r l i e r .  
p a r t  of t he  r e f l ec t ance  on MSS-7 is of t h e  s o i l .  
the  number of f i e l d s  i n  small g r a i n  (which is  a t  i ts  peak of  
green growth on 17 June and thus  ref lects  s t rong ly  on MSS-7) 
inc rease ,  g radual ly  inc reas ing  t h e  propor t ion  of  dark tones  on 
MSS-7. MSS-5 does not  show these  t o n a l  d i f f e rences .  
On MSS-7 of  t h i s  nega t ive  p r i n t  from 17 June imagery, 
These crops have not  y e t  mantled t h e  s o i l  s o  a l a r g e  
Moving west 
MSS-7 
k !  
MSS-5 
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Figure 2 
Use of ERTS 1 t o  de t ec t  S o i l  Association boundaries due t o  
c l imat ic  differences 
Dry subhumid and moist subhumid climates,  g l a c i a l  s o i l s  
In t h i s  May 1 6 ,  1973 ERTS scene, the moist subhumid P r a i r i e  Coteau (Udic s o i l  
subgroups) on the  east has a higher proportion of corn and soybeans than t h e  
dry subhumid James Valley (Typic s o i l  subgroups) which i s  primarily i n  spr ing 
grain and grass. 
green growth on t h i s  date ,  they have higher r e f l ec t ance  on band 7 than t h e  
Prair ie  Coteau which has a smaller mass of vegetation and hence has a compara- 
t i v e l y  low re f l ec t ance .  
MSS 5 .  
band 7 w i l l  be reversed from t h a t  shown on the May scene. 
Since t h e  spring grain and grass a re  near  t h e i r  peak of 
This c l imat ic  boundary is apparent on MSS 7 but  not 
Scenes taken i n  August a l s o  w i l l  show t h i s  but t h e  ref lectances on 
MSS-7 
MSS-5 
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Figure 3 
Use o f  ERTS 1 t o  d e t e c t  S o i l  Associat ion boundaries due t o  
s o i l  pa ren t  m a t e r i a l  d i f f e rences  
Limestone, Sandstone, Sha le ,  S i l t s t o n e  
Negative P r i n t s  , Scale  1: 500,000 , Western South Dakota 
On t h i s  May 16 ,  1973 scene,  t h e  Black H i l l s  area shown is developed from 
a hard l imestone and i s  mantled wi th  coniferous vege ta t ion ;  t h e  Red Valley 
i s  from a s o f t  s h a l e  and is i n  g r a s s ;  t h e  Outer Hogback i s  from a hard 
sandstone and is  p a r t l y  i n  g r a s s ,  p a r t l y  i n  t rees;  t h e  s o f t  s h a l e  p l a i n  i s  
i n  g r a s s ;  and t h e  l igh t -co lored  s o f t  s i l t s t o n e  area i s  ba r ren  badlands.  
The boundaries  of  each of  t h e s e  s o i l  pa ren t  materials a r e  apparent  on both 
MSS 5 and 7 of  ERTS bu t  t h e  c o n t r a s t  among t h e s e  ma te r i a l s  is more pronounced 
on MSS 5 than  on 7. 
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Figure 5 
Use of ERTS 1 t o  d e t e c t  S o i l  Assoc ia t ion  boundaries due t o  
s o i l  pa ren t  material d i f f e r e n c e s  
Dense Shale  and Sandstone, Semiarid C l i m a t e  
Negative P r i n t s ,  Sca le  1: 500,000, Western South Dakota 
On t h i s  May 15,  1973 scene ,  t h e  dense s h a l e  s o i l  area is  nea r ly  ba r ren  of  
vege ta t ion  while  t h e  sandstone area has a modest cover of coo l  season 
grasses  and an occas iona l  f i e l d .  
s o i l  area has  very low r e f l e c t a n c e  appearing nea r ly  white  on t h e  p r i n t .  
Tonal d i f f e rences  between t h e s e  two s o i l  pa ren t  ma te r i a l s  is  not  as pro- 
nounced on band 5. 
On band 7 t h e  dense shale-der ived Winler 
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Figure 6 
Use of ERTS 1 t o  de tec t  S o i l  Association boundaries due t o  
s o i l  parent mater ia ls  and land form differences 
Bottomland, Terrace and Upland 
Negative P r i n t s  , Scale 1: 500,000 , Eastern South Dakota 
On t h i s  17 June 1973 scene t h e  boundaries of  a bottomland, an outwash 
t e r r a c e ,  and two g l a c i a l  uplands a re  apparent on MSS-5. The dis t inguish-  
ing f ea tu res  include r e f l e c t i v e  differences shown i n  gray tones , r e g u l a r i t y  
of f i e l d  pa t t e rns ,  presence or absence of streams, presence or absence 
of lakes and marshes. The l a s t  named feature is a l s o  seen on MSS-7. The 
r e f l e c t i v e  differences apparent between the poorly drained bottomland and 
the we l l  drained t e r r a c e  are due t o  t h e  high incidence of g ra s s  vegetation 
on the bottomland which is  near t he  peak of growth on 17 June. The higher  
lying t e r r a c e  has wel l  drained s o i l s  and is used exclusively as cropland. 
The west-lying g l a c i a l  upland is  dot ted with marshes and lakes while t h e  
east-lying g l a c i a l  upland has no lakes but instead has a stream drainage 
network. 
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Figure 7 
Use of  ERTS 1 t o  i d e n t i f y  S o i l  Associat ion boundaries  due t o  
s o i l  paren t  m a t e r i a l  d i f f e r e n c e s  
Dead-Ice Glacial Moraine , End Moraine 
Negative P r i n t s  
Ground Moraine 
Sca le  1: 500,000 , Northcent ra l  S . D . 
O n  t h i s  1 June 1973  scene t h e  boundaries  s epa ra t ing  t h r e e  k inds  of s o i l  
parent  materials are d i s t i n c t  on both MSS 7 and 5. 
sen t  however, was no t  pene t ra ted  as w e l l  by t h e  MSS-5 as by t h e  MSS-7 
wavelengths r e s u l t i n g  i n  a sha rpe r  image for t h e  l a t t e r .  
of t h e  boundaries s epa ra t ing  these  s o i l  pa ren t  materials i s  due t o  1) unique 
land and water p a t t e r n s  of t h e  s t r o n g l y  undulat ing Dead-Ice a r e a  seen es- 
pec ia l ly  w e l l  on MSS-7; 2 )  t h e  uniform gray  band of t h e  s t e e p ,  s tony  end 
moraine; and 3) t h e  r e g u l a r  f i e l d  p a t t e r n  almost un in te r rupted  by l akes  or 
grassed areas of t h e  ground moraine. 
The s l i g h t  haze pre-  
The d i s t i n c t n e s s  
MSS-7 
MSS-5 
200 
F i g u r e  8 
Use of ERTS 1 t o  d i s t ingu i sh  S o i l  Association boundaries due t o  
s o i l  parent materials 
Residual and Glacial S o i l  Association-Landscapes 
Negative P r i n t s ,  15 May ‘73 Scale 1:500,000, Central  South Dakota 
The Oahe r e se rvo i r  i n  c e n t r a l  South Dakota occupies the trench of t he  
Missouri River. 
s o i l  parent materials on a gently undulating surface having morainic 
depressions,  marshes and lakes .  
parent mater ia ls  on a r o l l i n g  surface characterized by broad r idges ,  
s teep val ley s ides  and stream courses. The clayey r e s idua l  s o i l s  on 
s t rong slopes are used primarily f o r  rangeland, while t he  f r i a b l e  medium 
textured s o i l s  on gent ly  undulating surfaces are mostly cropped t o  
winter  an I t  
East of t h i s  trench a re  f r i a b l e  medium textured g l a c i a l  
West of the trench a re  firm clayey s o i l  
d spring whea 
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Figure 9 
Use of  ERTS 1 t o  i d e n t i f y  S o i l  Associat ion boundaries due t o  
s o i l  pa ren t  m a t e r i a l  d i f f e rences  
Loess and Alluvium 
Negative p r i n t s  , Scale  1: 500,000,  Southeast  South Dakota 
Qn t h i s  17 June 1973  scene boundaries  between two l o e s s  a reas  a r e  apparent  
on both MSS 5 and 7. I n  a d d i t i o n ,  t h e  a l l u v i a l  a r e a  boundaries  a re  d i s t i n c t  
on MSS-7 from t h e  t h i c k  l o e s s  a r e a  having r o l l i n g  r e l i e f .  The t h i n  l o e s s  
a rea  having f l a t  r e l i e f  and t h e  a l l u v i a l  p l a i n  have s i m i l a r  r e f l e c t a n c e s .  
The a g r i c u l t u r a l  l and  use  i n  sou theas t  South Dakota c o n s i s t  of r a i s i n g  corn 
and soybeans and some a l f a l f a  and small g ra ins  on f l a t  or nea r ly  l e v e l  s o i l s  
w h i l e  close-growing crops l i k e  sma l l  g r a i n s  dominate s t e e p e r  s l o p e s .  Dn 
1 7  June t h e  smal l  g r a i n s  a r e  nea r  t h e i r  peak a t  vege ta t ive  growth thus  re- 
f l e c t i n g  s t rong ly  on MSS-7 while  t h e  f la t s  having more corn and soybeans 
have s o i l  exposed over much of t h e  area ( a s  these  c rops  were p lan ted  only 
about a month e a r l i e r )  and have low r e f l e c t a n c e .  
show reverse  r e f l ec t ances  as  t h e  a reas  having more corn and soybeans would 
give h i g h e r  r e f l e c t a n c e  than  t h e  a s soc ia t ions  with more small g r a i n .  
An August scene would 
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Figure 1 0  
Use of ERTS 1 t o  dis t inguish S o i l  Association boundaries due t o  
toPograPhY 
Glacial  Area, Eastern South Dakota 
Negative P r i n t s ,  Scale 1: 500,000 , 
ieau. The lower 
? ld  pa t t e rn  indit 
Iwn on MSS-7 i n  ' 
On these July '72  p r i n t s  t h e  s t eep ,  escarpment of t h e  P r a i r i e  Coteau s tands 
out on MSS-7 as a broad dark band with d i s t i n c t  boundaries. This area i s  
i n  grass because of its rugged topography and s toniness .  On 29 Ju ly  t h i s  
grass  is growing vigorously and hence r e f l e c t s  highly on MSS-7. 
Coteau l i g h t e r  tones a r e  prominent accentuated by many lakes on t h e  c r e s t  
of t h e  Co? -lying areas e a s t  and west of t h e  Prairie Coteau 
have a f i c  ca t ing intensive cu l t i va t ion .  The l ight-toned 
f i e l d s  shc t h i s  area have recently been planted t o  corn 
which has not grown enough a t  t h i s  t i m e  t o  have much ref lectance on MSS-7. 
The s t ee '  ely spaced p a r a l l e l  drains.  
On the  
p slope is marked on MSS-5 by closl 
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Figure 11 
Use of ERTS 1 t o  d i s t i n g u i s h  S o i l  Associat ion boundaries  due t o  
topography 
Residual  Area, Western South Dakota 
Negative p r i n t s ,  Sca le  1: 500,000 
On these  9 July 1973  p r i n t s  t h e  s t e e p  va l l ey  s i d e s  of t h e  Cheyenne and 
Bel le  Fourche r i v e r s  s t and  o u t  with d i s t i n c t  boundaries  on both MSS-5 
and 7 from the  ad jacent  less s lop ing  areas. 
l y  i n  g r a s s ,  have t h i n  c lay  s o i l s  der ived  from s h a l e  and produce l e s s  
vege ta t ion  than  t h e  deeper ,  more f r i a b l e  s o i l s  occur r ing  on l e s s  s t e e p  
topography. Thus they have a r e f l e c t i v e  d i f f e r e n c e  apparent  on MSS-7 and 
t h i s  r e f l e c t i v e  d i f f e rence  c o r r e l a t e s  wi th  t h e  topographic  boundary. 
MSS-5 t h e  r e f l e c t i v e  d i f f e rence  between t h e  s t e e p  and l e s s  s t e e p  a reas  is 
l e s s  pronounced b u t  the  c l o s e l y  spaced s t ream network of t h e  v a l l e y  s i d e s  
i s  more sha rp ly  e tched ,  t hus  both MSS-5 and 7 a i d  it d i s t ingu i sh ing  t h e  
s teep  va l l ey  s i d e  boundaries.  
These s t e e p  a r e a s ,  exc lus ive-  
On 
MSS-7 
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